Recently a method which estimates the sex of unknown skeletal remains by discriminant functional analysis (DFA) of the patella bone has received much recognition. DFA equation on patella bone is available for South Italian population, Iranian population, Thai population, archeological sample of prehistoric period and also for South Africans of European ancestry. The aim of this study was to derive discriminant functional equation for sex determination from measurements of patella bones in North Indian population The authors have analyzed 31 skeletons (19 males and 12 females) of both sides from the collection in the Department of Anatomy, Post Graduate Institute of Medical Sciences, Rohtak. Seven measurements for both the sides were taken on 62 patella bones of males (19) and females (12). Parameters measured were maximum length, maximum width, maximum thickness, maximum height and width of external and internal articular facets. These measurements were used to determine sex by using discriminant functional analysis. The results of this study exclusively based on patellar dimensions can determine the sex of North Indian population when other long bones, skull and pelvis bones are not available or after major accidental deaths when long ones get fragmented. This discriminant function carried out by statistical analysis will be the future method for sex determination which needs basic data for this bone from their own population.
Introduction
Sex determination is one of the major challenges for the forensic anthropologist within a medicolegal context. Estimation of sex is more reliable if the complete skeleton is available for analysis but in majority of forensic cases human skeletal remains are either incomplete or damaged [1] .
The skull, pelvis and long bones are frequently absent or fragmented so sex prediction must be attempted from other parts of skeleton [1] .
However the accuracy of sex estimation from other skeletal elements depends on the degree of sexual dimorphism exhibited by the skeleton.
Generally, there are two methods to study for sex determination from skeletal remains viz: morphologic and metric method of studies. The morphologic method involves the observation of sexual traits on pelvic bone for a wide subpubic angle in females. This method is quicker but will have accurate results if the observer has enough experience. On the other hand, the metric method is based on measurements and statistical techniques which doesn't require expertise and can be repeated to validate results [2] .
One of the skeletal elements drawing more attention recently is the patella (kneecap). Patella, one of the largest sesamoid bone is situated in front of the knee joint in the tendon of the quadriceps femoris. It is flattened and triangular in shape and has an anterior and posterior surface, three borders, and an apex. The kneecap is a solid element of the human skeleton with no discernible morphological features for determining sex and thus no significant difference is attributed to race. However, being a sesamoid bone that forms within the tendon of the quadriceps muscle, it is very resistant to postmortem changes and so can be available for personal identification purposes even in adverse condition [8] .
There are a few studies about determination of sex from patella. The first was made by McWilliam and El Najjar in 1978 [3] . They used water displacement method to calculate the volume of the bone. Most of the male patellas were more than 15cc and the female were less than 11cc. Introna et al used 80 right patella bones of South Italian population and analysed by univariate discriminant analysis and multivariate discriminant analysis for correct sex determination [1] . The accuracy reported was 83.8%. In their population, Dayal and Bidmos (2005) used maximum height, width and thickness of the patellae in South African Blacks and gained the highest rate of classification of 85% [4] . Kemkes-Grottenthaler (2005) also used the same method on 82 samples and gained 85% average accuracy (when sample size was not taken into consideration) [5] . Mahfouz and his co-workers (2007) used nonlinear classification methods on 228 samples and gained 90.9% overall accuracy [6] . Akhlaghi and his co-workers (2010) using 113 patellae from the fresh cadavers of Iranian population found the highest average accuracy of 92.9% [2] . To add to the literature in India, a recent data on patellar measurements for sex determination had also been recorded in North Bengal population were mean values were documented and discussed [7] . Recently PaoloPhoophalee et al reported 90.5% accuracy of sex determination on average using all parameters by multivariate discrminant analysis.
Our study utilizing discriminant function analysis will produce an equation to determine sex from this bone.
Materials and Method
Sixty two unfractured and nonpathological right and left patellae samples of both sexes were obtained from skeletons The statistical product and service solution program (SPSS 16) was used to analyze the data. Descriptive statistics including mean, standard deviation were obtained for all variables. After establishing that significant difference exists between male and female mean values for each measurements, discriminant function analyses was performed. The aim of this study was to determine sex using discriminant function analysis from the skeletal collection whose sex, age and time of death were known. Discriminant analysis was applied using discriminant function equation for the determination of sex from all patella variables.
DF = a+b1x1+b2x2+…+bnxn
Where a = constant, b1b 2 ...bn= patella variables (anthropometric) x1x2…xn = discrminant function coefficients. DF = discriminant function.
All possible combinations between the considered parameters were then automatically performed and the discriminant functions were listed in order of highest sex discriminant degree.
Determination of demarcating values for sex determination was done utilizing sectioning point.
Where Z m and Z f are group centroids for male and female, N m and N f are number of patella of male and female respectively. The sectioning point was calculated from group centroids. In cases where the DFA score was less than sectioning point, was considered female and for values of DFA above sectioning point were considered male.
Results
The results of descriptive statistical analysis were reported in Table I showing the mean, and standard deviation (SD) of right and left side for both the sexes.
The results of all 7 metrical measurements in the present study showed that the average size of the left and right male patella bones were larger than those of the female.
Discriminant function analysis was performed from all seven measurements for both the sides to confirm the sex (Table II and III) .
Descriptive statistical analysis on right side reveals the greatest sex difference with the measurement variable of maximum height followed by height of external facet, maximum width, height of internal facet, width of internal facet, width of external facet and the least was by maximum thickness. Descriptive statistical analysis on the left side reveals the greatest sex differentiation with the measurement variable of maximum height and maximum width followed by height of external facet, width of external facet, height of internal facet, width of internal facet and the least was by maximum thickness.
Discussion
Patella, a sesamoid bone is often availed intact even after major accidental deaths where long bones easily get fragmented. Males have a comparatively larger muscle build as compared to females thus it could be inferred that this small bone might show a remarkable degree of sexual dimorphism.
For the past three decades, several studies were being carried out in different parts of the World for patellar sexual dimorphism among various populations.
One such pioneer study was conducted by Gunn and McWilliams, using volume of the bone. In his reports the highest average accuracy for sex classification was 88% for Europeans. Measurements taken on most bones in the body have shown higher mean values for males as compared to females. The patella follows a similar pattern [9] . In our study similar observations were found from mean of all parameters done for male and female patella bones. The maximum mean height of patella bone in males was 42.9 and 38.3 in females for right side and difference in values was also noted on left side, where the value in males was 41.6 and in female it was 39. 
Conclusion
The implementation of discriminant function analysis based on patella morphometry offers a simple and well studied approach for sex determination on small bones of an individual from incomplete skeleton remains.
From the present study it has shown that mean values for males were higher than those for the females. 
